A 27-year-old man presents to the emergency department with a 1-day history of severe right upper extremity pain and swelling. The patient's status is post open reduction internal fixation for a left tibial plateau fracture, which was complicated by methicillin-sensitive Staphylococcus aureus osteomyelitis. A peripherally inserted central catheter (PICC) line was subsequently placed for intravenous antibiotic therapy. Emergency department bedside ultrasound examination of both the right axillary vein and subclavian vein near the PICC line tip revealed deep venous thrombosis of both veins. Bedside upper extremity vascular ultrasonography can assist in the rapid diagnosis of upper extremity deep venous thrombosis in the emergency department.
Background
Until recently, there has been much less clinical and research focus on identification and management of upper extremity deep venous thromboses (UEDVTs) than deep venous thromboses (DVTs) of the lower extremity. Historically, UEDVTs were believed to be quite rare, representing less than 2% of DVTs [1] , and to be clinically insignificant if they occurred [1, 2] . More recent research is challenging both of these beliefs. Recent studies suggest that upper extremity thrombi represent 10% to 18% of DVT cases [3, 4] and are increasing as use of indwelling catheters and pacemakers increases. The long-held notion that UEDVTs generally have a benign, self-limited course and very seldom cause pulmonary embolism [1, 2] has also been recently challenged. While the actual accurate prevalence of pulmonary embolism due to UEDVT is not known, research has found that pulmonary embolism may occur in 7% to 17% of upper extremity DVTs [5] [6] [7] .
Case presentation
A 27-year-old man presents to the emergency department with a 1-day history of severe right upper extremity pain and swelling. The patient's status is post open reduction internal fixation for a left tibial plateau fracture, which was complicated by methicillin-sensitive Staphylococcus aureus osteomyelitis. A peripherally inserted central catheter (PICC) line was subsequently placed for intravenous antibiotic therapy. He denied any other past medical history. Aside from the pain and swelling to his right arm, the patient reports no associated shortness of breath, chest pain, or fever. His emergency department (ED) vital signs were as follows: temperature 97.1°F, blood pressure 135/74 mmHg, heart rate 82 bpm, respiratory rate 14 bpm, and oxygen saturation 100% on room air. Physical examination result was normal except for the right upper extremity that showed surrounding edema and mild erythema by the PICC line site ( Figure 1 ). The arm had tenderness to palpation, but no significant increase in warmth was noted.
On initial assessment, the triage nurse suspecting a possible upper extremity deep vein thrombosis notified the ED physician to facilitate a rapid bedside ultrasound of the right upper extremity. This ultrasound was performed (Additional files 1, 2, 3, and 4, available in the online version of this paper). Comprehensive radiology ultrasonography of the right upper extremity showed no flow and/or compressibility in the right subclavian vein or the right axillary vein adjacent to the PICC line, consistent with complete thrombosis. The right internal jugular vein and right brachial vein were patent and compressible, and the right innominate vein demonstrated patent flow. The patient was admitted to the hospital, and he was treated with oral antibiotics and subcutaneous enoxaparin injections.
Discussion
Upper extremity DVT may be classified into primary and secondary subtypes based on the pathogenesis [3, 8] . Primary UEDVT, Paget-Schrötter syndrome, was first described independently by Sir James Paget and Leopold von Schrötter in the nineteenth century [9] [10] [11] . Often called 'effort' thrombosis, it is a UEDVT occurring spontaneously after strenuous occupational or recreational activity, such as scraping wallpaper, throwing a baseball, or weightlifting [8, 11, 12] . This heavy exertion is thought to cause microtrauma to the vessel intima because of repeated mechanical compression from the clavicle, first rib, and enlarged shoulder muscles [3, 11] . It occurs most commonly in young, healthy men and is more commonly found in the right arm, likely because this is usually dominant and involved in more strenuous activity [10] . This syndrome is uncommon, but it should be considered by emergency physicians when presented with arm pain and swelling in an otherwise healthy adult and is particularly relevant for physicians focusing on sports or occupational medicine.
Secondary UEDVT, which represents the majority of cases and includes our patient, occurs in patients predisposed to thrombosis due to the presence of foreign body, stasis, or hypercoagulable state. Modern physicians are increasingly using vascular access devices for parenteral antibiotics, as in our patient, as well as for chemotherapy, dialysis, parenteral nutrition, and bone marrow transplantation [8, 5] . These indwelling catheters dramatically increase the risk of UEDVT. Catheter-associated venous thrombosis may occur from inappropriate positioning of the catheter tip, mechanical obstruction from precipitation of the fluid infused, or thrombosis of the catheter itself [13, 14] . Factors that increase the likelihood of UEDVT include increased luminal diameter, increased number of ports, incorrect positioning, bacteremia, and prior line infection [13, 14] .
Surgery and casting of the upper extremity may result in stasis and significantly increase UEDVT risk, with one study finding surgery to be increasing risk 13-fold and a plaster cast increasing risk 7-fold [15] . Pacemakers and defibrillators are another significant cause of thrombosis. UEDVT occurs in 10% of placements, with increased risk in patients who have multiple leads and most events occurring within the first 2 months after device insertion [16] [17] [18] . Patients with cancer have dramatically increased risk of UEDVT. Though much of the increased risk is attributed to the frequent use of central venous catheters in this population [16] , malignancy is also an independent risk factor, likely due to alteration in coagulation factors, low-grade disseminated intravascular coagulation from tumor cells, and stasis from compression by tumors [19] . Active malignancy is associated with 18-fold higher risk of UEDVT, and prior malignancy with a 7.7-fold higher risk [16] . The prevalence of hypercoagulable or prothrombotic conditions, such as Factor V Leiden or prothrombin 20210A, in patients with UEDVT ranges from 8% to 60% [14, 16] .
Diagnosing UEDVT rapidly and accurately is essential to prevent thrombosis-related morbidity and mortality. UEDVT may, in 25% of patients, cause post-thrombotic syndrome [20] [21] [22] , which is chronic venous occlusion that may cause severe pain, swelling, intractable edema, and ulcer formation. UEDVT may also infrequently cause phlegmasia cerulean dolens, which is characterized by arterial and venous compromise and gross edema. This emergent condition requires aggressive treatment including thrombolysis or thrombectomy and carries significant risk of gangrene and limb loss [8, 23] . Mortality after UEDVT is high at 15% to 50% [20, 22, 24] . Though this is due in part to the fact that it often occurs in patients with significant comorbidities, including malignancy, multi-organ failure, and severe infection [16, 20, 22, 24] , it also reflects the potential severity of the condition itself.
Rapid evaluation and diagnosis of venous thrombosis in patients who present to the emergency department require a modality that is easily obtained and accurate, especially considering the initiation of anticoagulation therapy or thrombolytics. Clinical signs and symptoms are often nonspecific or unreliable. Venogram, once considered the gold standard, has fallen out of favor due to its time-consuming property and its use of intravenous contrast. Compression ultrasonography has replaced this modality to be the choice of study in assessing venous thrombosis.
Diagnosis of UEDVT using compression ultrasound is thought to be more challenging than in the lower extremity because of anatomic challenges [5] . The deep venous system of the upper extremity is comprised of paired veins below the elbow (ulnar, radial, and interosseous), which form the paired brachial veins, followed by the axillary vein, subclavian vein, and internal jugular vein, and ultimately joined to form the brachiocephalic (innominate) veins ( Figure 6 ). In particular, it may be difficult to visualize the proximal portion of the axillary vein due to overlying bones [5] . Despite this challenge, a recent systematic review found that compression ultrasonography has a sensitivity of 97% and a specificity of 96% [25] . To increase the accuracy, adjunct use of color Doppler and spectral waveforms may be used, especially when assessing the brachiocephalic veins [26] . Loss of pulsatility distally suggests obstructions to more centrally located veins [27] .
Initial treatment of secondary UEDVT, as with our patient, includes removing the central venous catheter, and if this is not possible, the patient should receive anticoagulation treatment until the catheter can be removed and for an additional period of time [13, 14] . The current standard of care for both primary and secondary UEDVT is to immediately anticoagulate with heparin and to bridge to warfarin therapy for 3 to 6 months with a target International Normalized Ratio of 2.0 to 3.0 to help maintain the patency of collateral vessels and reduce thrombus propagation [3, 14] .
Rapid assessment in the ED of patients with a potential UEDVT is important. Bedside ultrasonography should be followed by comprehensive radiology ultrasonography if there is diagnostic uncertainty or lack of credentialing, skill, or expertise in the performance or interpretation of the study; however, the time required for this study to be performed by a technician and officially read by a radiologist is significant in many emergency departments, particularly during nights and weekends. Swift disposition of these patients into the hospital and commencement of treatment are important for optimal patient care. In addition, once a diagnosis of UEDVT has been made in the ED, evaluation of these patients may include consideration of pulmonary embolism and other potential emergent sequela.
Conclusion
Bedside upper extremity vascular ultrasonography can assist in the rapid diagnosis of upper extremity deep venous thrombosis in the emergency department. Rapid diagnosis of upper extremity deep venous thrombosis can expedite anticoagulation treatment.
